Allogeneic mesenchymal stem cells and xenogenic platelet rich plasma, associated or not, in the repair of bone failures in rabbits with secondary osteoporosis¹
been highlighted as an innovative proposal, due to the high plasticity of these cells and the demonstration of in vitro differentiation capacity in osteoblasts 9, 10 . Previous studies have already demonstrated the efficacy of MSC in the consolidation of fractures in healthy or non-healthy patients 11, 13 . In addition to this alternative, autogenous platelet-rich plasma (PRP) has been used in contemporary studies with human and animal patients to stimulate bone repair 12, 13 . This compound is rich in growth factors that stimulate mitogenesis, angiogenesis and increased activity of osteocompetent cells, determining rapid formation and bone homogeneity 13. It presents low yield, by volume, from the initial blood sample, which limits its use in small species 14 . In addition, studies with xenogeneic PRP are scarce and its real effect on bone remodeling is unknown.
Moreover, according to Amadei et al. 5 , the clinical experience regarding bone repair in osteoporosis is inconsistent, due to few studies performed on the subject.
The objective of this study was to evaluate the effect of the treatments with hemostatic sponge of hydrolyzed collagen, medullary allogeneic MSC, equine xenogeneic PRP and the association between both, in the repair of bone failures in tibiae of osteoporotic rabbits secondary to estrogenic deprivation and iatrogenic hypercortisolism.
■ Methods
The experimental design was approved by the Animal Experimentation Ethics Committee (CEEA) of Federal University of Piauí (UFPI), according to the standards of the Brazilian College of Animal Experimentation (COBEA).
Eight rabbits (Oryctolagus cuniculus), New Zealand breed, female, nulliparous, one year old and average weight of 2.1 ± 0.19 kg were used. Clinically healthy rabbits (normophagia, normoquezia, normodipsia
■ Introduction
Osteoporosis is a systemic bone disease characterized by a marked reduction of mineral mass, decreasing the mechanical strength of the bone and increasing the risk of fractures¹. Several mechanisms are recognized as predisposing and perpetuating factors of osteopenia induced by osteoporosis, including endocrine and pharmacological factors².
Chronic iatrogenic hypercortisolism is the most frequent cause of secondary osteoporosis, corresponding to 25% of the etiologies in humans 3 . According to these authors, glucocorticoids can induce parathyroid hyperplasia, with subsequent serum increase in parathyroid hormone levels (PTH), stimulating calcium reabsorption and release of calcium and phosphorus ions into the extracellular environment 4 . In contrast, estrogen and its analogues have a prophylactic effect on bone resorption, acting as modulators of remodeling of this tissue 2, 5 . This effect results from autocrine and paracrine control over the expression of growth factors and cytokines that influence the behavior of osteoblasts and osteoclasts, contributing to the maintenance of the functional bone balance
.
According to Amadei et al. 5 , in Brazil, each year, 70.000 people suffer from osteoporotic fractures, with rates of 20% of mortality and 50% of physical disability. Costs for the Unified Health System with the hospitalization of these patients were estimated at approximately R$ 908.18 per capita 6 . Currently, bisphosphonates are the most effective drugs for the treatment of human osteoporosis. However, adverse effects such as gastrointestinal intolerance 7 , esophageal erosions, fever, atrial fibrillation, scleritis and mandibular osteonecrosis 7 have been described, limiting its wide use 8 .
The use of mesenchymal stem cells (MSC) for the treatment of bone fractures has
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Acta Cir Bras. 2017;32(9):767-780 769 and normouria) were selected and presented hematological evaluation and serum urea and creatinine values within the normal range for the specie 17 . The animals were submitted to a 10-day acclimation period and managed in a confinement system according to the welfare practices for the species.
Evaluation of serum calcium and phosphorus
All animals were fasted for six hours and sedated with a combination of ketamine (50 mg/kg) and midazolam (10 mg/kg) by intramuscular route in the femoral quadriceps, for blood collecting by jugular vein puncture for measurements serum calcium ionizable and serum phosphorus.
Calcium and phosphorus measurements were performed by colorimetric spectrophotometry, measured once, before ovariosalpingohysterectomy (OSH) elective and induction of hypercortisolism and once at 80 and 60 days thereafter, respectively.
Induction of osteoporosis
All animals were submitted to ovariosalpingohysterectomy elective, as described by Bueno et al. 15 . After 60 days, the induction of hypercortisolism was initiated through the administration of methylprednisolone succinate, as described by Rocha et al.
19
.
Radiographic optic densitometric evaluation
All animals were submitted to radiographic optical densitometric examination using an 11-step ultra-purified aluminum penetrometer and the images obtined were analyzed by Adobe Photoshop CC 64-Bit software, before and after osteoporosis induction, as described by Rocha et al. 19 . All radiographic images were performed in the Diagnostic Imaging Sector of the University Veterinary Hospital, UFPI.
Obtaining of allogeneic mesenchymal stem cells
The MSC were donated by the Integrated Nucleus of Morphology and Research with Stem Cell (NUPCelt /UFPI). The cells were isolated from the bone marrow of healthy, expanded in vitro rabbits submitted to osteogenic and chondrogenic cell differentiation assay and aliquoted at the concentration of 1x10 6 cells/mL for immediate use, according to methodologies previously described by Argolo Neto et al. 9, 16 and Carvalho et al.
10
Evaluation of the interaction between mesenchymal stem cells and hemostatic sponge of hydrolyzed collagen
Three aliquots of 1x10 4 MSC were maintained in complete F12 DMEM medium, together with a 3 mm sample of sterile hemostatic sponge of hydrolyzed collagen, in a six-well culture plate, incubated at 37°C, 5% CO 2 and 95% moisture 16 . After obtaining confluence of 80%, the hemostatic sponge fragment was removed, washed with buffered phosphate solution and the MSC were trypsinized and evaluated for cell viability as described by Argolo Neto et al. 9 .
The fragments of the hemostatic sponge were fixed isolated in 5% formaldehyde alone for 24 hours, dehydrated in increasing concentrations of alcohol (30%, 55%, 70%, 88%, 96%), diaphanized in xylol, included in histological paraffin and sectioned on rotary microtome, adjusted to 4μm thickness. The cuts were fixed on a glass slide, stained by Hematoxylin & Eosin and analyzed in a binocular optical microscope in x20 and x40 objective.
Obtaining xenogenic platelet rich plasma
Blood of a clinically healthy, dewormed equine was used, hematimetric values within the normal range for the specie 17 and total 12 and Argolo Neto et al. 16 and the PRP prepared immediately before application.
Experimental design
A design was adopted a 30-day and 60-day (four animals each) post-surgical observation period and four experimental groups (MSC, PRP, association between MSC and PRP-ASSO and control-CTR) were used. All groups coexisted in each animal, totalizing eight bone failures for each treatment. Two failures occurred in the diaphysis of the right and left tibia, in a third most proximal to the epiphyses, in all the animals. MSC treatments were standardized on superior bone failure of the right pelvic limb tibia, PRP on lower tibial bone failure of the right pelvic limb, ASSO on superior bone failure of the left pelvic limb tibia and CTR on lower tibial bone failure of the left pelvic limb.
Production of bone failures
All animals were submitted to antibiotic therapy with enrofloxacin (10 mg/ kg) by intramuscular route and analgesia for administration of morphine (5 mg/kg) by intramuscular route in the pre, trans and postoperative, during ten and five days, respectively. After 2 hours of water fasting and feeding of 6 hours, anesthesia was induced by the association of ketamine (50 mg/kg) and midazolam (10 mg/kg) by intramuscular route in the femoral quadriceps, followed by intubation and anesthetic maintenance with 2% isoflurane.
The surgical field was delimited by a fenestrated field and a longitudinal incision of the skin was performed using scalpel n.3 with a n.15 blade, divulsing the subcutaneous tissue, fascia lata and cranial tibial muscle with a blunt surgical scissors, until bone exposure. Then, with an orthopedic drill equipped with a 2 mm steel drill and a drill guide 10 , at a speed of 5000 rpm, bone failures of 2 mm in diameter were performed, with two failures in the proximal superior and inferior diaphyseal region of the right tibia and two failures in the proximal superior and inferior diaphyseal region of the left tibia, perpendicular to the bone diaphysis.
After the immediate realization of the treatments, the cranial tibial muscle divulsioned fibers were closed in the Sultan interrupted suture plane and the skin with single interrupted suture, both using 3-0 nylon monofilament yarn.
The animals were maintained with the use of elizabethan collar continuous and the surgical wounds were cleaned daily with sterile saline solution and topical application of allantoin and chlorhexidine ointment.
Conducting treatments
The bone failures were treated immediately, according to the experimental group they composed. All treatments were performed using 3 mm fragments of sterile hydrolyzed collagen hemostatic (EH) sponge, as structural support (scaffold) for MSC and / or PRP, introduced in the failures. The MSC group was treated with 1x10 6 cells on EH, the PRP group with 1x10 6 platelets on EH, the ASSO group with the association between MSC and PRP on EH at the same concentrations and CTR only with EH embedded in sterile physiological solution.
Radiographic optical densitometry of bone failures
After 30 and 60 days of the realization of treatments, the bone failures of all the animals were submitted to the radiographic optical densitometric examination.
Histopathological evaluation of tibial bone failures
After 30 and 60 days of the realization of treatment, four animals were sedated, Allogeneic mesenchymal stem cells and xenogenic platelet rich plasma, associated or not, in the repair of bone failures in rabbits with secondary osteoporosis Rocha MAC et al.
Acta Cir Bras. 2017;32(9):767-780
respectively, by the association with midazolam and ketamine, and euthanized with anesthetic overdose of thiopental sodium (30mg/mL) given intravenously. Surgical amputation of the right and left tibias of all rabbits was performed. Each failure of each tibia was sectioned with the aid of a surgical electric saw keeping two centimeters of bone above and below the failures, identified and preserved individually in 10% buffered formaldehyde.
The bone fragments were decalcified in a solution containing 20% sodium citrate and 50% formic acid in 1: 1 dilution in distilled water.
The decalcified fragments were routinely processed, included in histological paraffin 9 , sectioned in a rotating microtome 10 , adjusted to 5μm thickness, stained by Hematoxylin & Eosin and analyzed in binocular optical microscope in x10 and x20 objective.
Statistical analysis
Values of 10 to 30, on a scale of 10, were arbitrarily assigned, corresponding to the radiographic optical density intervals, in cm 3 , of each bone failure evaluated, according to Table 1 . Statistical analysis was performed with Bioestat ® software v. 5.9, applying the KruskalWallis non-parametric analysis of independent samples, followed by the Dunn station median comparison test, adopting a level of rejection of the null hypothesis of 1% (p≤0.01 ) for both analyzes.
■ Results
An average serum elevation of 2.54±1.21 mg/dL of ionizable calcium and 1.23±0.99 mg/dL of phosphorus was observed after induction of iatrogenic hypercortisolism and osteoporosis (Table 2 ). Only two animals had a reduction in serum ionizable calcium levels and three in serum phosphorus after the experimental induction period. + Animals that presented elevation of serum levels; -Animals that presented decrease of serum levels.
Allogeneic
772
The radiographic optical densitometry of the tibiae of the rabbits before the induction of iatrogenic hypercortisolism and osteoporosis, identified values above 1.375 cm³ and below 1.465 cm³. The graph in red indicates that the bone mineral density of the tibia is located between the densities of the penetrometer steps. Comparing the bone density between the same rabbits, perceive the decrease bone density in red at levels lower than 1.375 cm³ after induction of the model (Figure 1, Table 3) .
It was not possible to measure the precise decay value of the optical bone density after induction of the model, because the density observed was lower than the last lower step, of lower density of the penetrometer. Figure 1 -Radiographic optical densitometry images of the tibia of a rabbit before and after the induction of hypercortisolism and osteoporosis. A: Before the induction of the model, the bone density is greater than 1.375cm³ and less than 1.465cm³. B: After induction of the model, the bone density is less than 1.375cm³, evidencing loss of bone density.
Allogeneic The obtained PRP had 82% of the initial platelet volume concentration, but in a volume 10 times lower than the initial one.
The MSC culture with a sterile hydrolyzed collagen sponge fragment identified that the cells adhered to the sponge matrix after 10 days of incubation (Figure 2 A-B) and the average cell viability assessed after removal of the fragment was 95%.
The histological evaluation of the same sponge fragment identified the presence of mononuclear cells adhered to the substrate of the same, with intact nucleus and loosely condensed chromatin ( Figure 2C ).
Radiographic optical densitometry identified statistically significant differences between treatments evaluated only after 60 days (p≤0.008), with higher average bone density in MSC treated animals. No statistically significant differences were observed between the PRP and ASSO groups (p≤0.88) ( Table 4 Microscopically, after 30 days of treatment, all bone failures of all groups showed bone growth interruption lines, with presence of mature bone composed of osteocytes, organization of trabecular bone tissue without presence of osteoblasts and areas of osteopenia. After 60 days, histopathological differences in the remodeling of bone failures between the treated groups were identified (Figure 4) . The CTR group presented histopathological similarities to the groups treated after 30 days, predominating osteocytes in detriment of osteoblasts. The MSC group presented mature and immature bone, failure lines of bone growth, organization of trabecular bone with angiogenesis and presence of active osteoblasts, synthesizing osteoid matrix. The PRP group identified mature bone, failure lines of bone growth, moderate presence of immature bone, predominating osteocytes in the fields evaluated and focal areas of osteopenia and fibrosis. The ASSO group presented microscopic aspects similar to PRP, but with few osteoblasts present in the trabecular bone. 
■ Discussion
Iatrogenic hypercortisolism induced significant changes in serum ionizable calcium concentration, as well as bone density ( Figure  1 ), but with irregular variations in serum phosphorus concentration ( Table 2 ). The average elevation observed in calcium and phosphorus concentrations had already been described by Lanna et al.³ and Romanholi and Salgado 4 . According to these authors, chronic administration of corticosteroids, although in therapeutic doses, may induce iatrogenic secondary hyperparathyroidism to parathyroid hyperplasia. Such condition stimulates the reabsorption of calcium and releases it, along with phosphorus ion to the extracellular medium 4 . However, phosphorus does not circulate in plasma bound to serum proteins, being fully filtered in the glomerulus and easily reabsorbed in the contorted tubules. During osteoporosis, parathyroid hormone binds to the enzyme adenyl cyclase, inhibiting the cotransport of phosphorus in the contorted tubules, inducing phosphaturia and allowing the reabsorbed calcium ions to not be reincorporated into the bone tissue 3 . Although the concentration of urinary phosphorus in the present study has not been evaluated, it is believed that this condition has occurred, corroborating for the presumption of success in the proposed model.
Radiographic bone densitometry data ( Figure 1) (Table 3 ) demonstrate a marked reduction in the tibia bone density of all rabbits. This technique had already been well described in rabbits 18 , rats 19 , cats 20 , equines 21 and humans
22
, among other species. To minimize the possibility of radiographic standardization errors, an 11-step ultra-purified aluminum penetrometer was used as a densitometric reference, as proposed by Louzada 18. According to this author, this technique presents high sensitivity, precision, reproducibility, fidelity, easy feasibility and low cost and is widely described by other researchers, especially applied to rabbits with induced osteoporosis 3 , which justifies its adoption in the methodology presented in this study.
All the rabbits induced to hypercortisolism and osteoporosis presented average bone densities inferior to 1.37cm 3 , having the last step of lower density of the penetrometer as densitometric reference. In this respect, a limitation of the proposed method is identified when a penetrometer of only 11 steps is used, because it is not possible to accurately determine the values below this threshold. Possibly, the adoption of a penetrometer with 21 steps or more would allow us a more accurate evaluation. However, this fact does not obliterate the observation that the association between ovariosalpingohystectomy and corticosteroid administration induces a marked reduction of bone density.
In the present study, the use of a commercial hydrolyzed collagen sponge made from freeze-dried sterile porcine gelatine, as carrier or scaffold for MSC and PRP was chosen. This biomaterial was sought because it did not trigger a local inflammatory response, whose degradation time does not interfere in the bone repair process and presents mechanical properties adequate for application in bone failures, as previously described in contemporary studies [23] [24] [25] [26] . The in vitro biocompatibility assay between MSC and a fragment of the sponge demonstrated that there was no apparent cytotoxic effect on the cells, since MSC was identified in culture adhered to the fragment, with maintenance of cell viability in 95% (Figure 2 A-B) . Analogously, cells adhered to the substrate of the fragment were identified after histological processing, denoting that the substrate matrix provides a favorable environment for cell adhesion (Figure 2c) .
The choice of the xenogeneic PRP presentation adopted in the present study contradicts the main scientific observations described 24, 26 . According to these authors, xenogeneic PRP has a high immunogenic factor when compared to allogeneic and autogenic presentations. However, being one of the main limitations to the clinical use of PRP, the low yield when compared to the volume of the initial plasma sample 10 , especially for infusion in extensive tissue areas, it becomes urgent to search for alternatives that allow obtaining higher volumes of PRP for continuous use. Due to the scarce studies in human and veterinary medicine on the subject, it was proposed the use of PRP obtained from a large animal in the model of osteoporosis of the present research.
The analysis of the effects of treatments on the filling of bone failures allowed us to infer that there is no radiographically evident bone remodeling within 30 days after treatment for all groups evaluated (p ≤ 0.87). The observed bone density varied between values below 1.375cm 3 and up to 1.465cm 3 , corresponding to the last and penultimate step of the penetrometer, respectively. Previous studies have described, in rabbits and mice, the predominant presence of fibrous connective tissue, associated with intense mixed inflammatory infiltration at the site of failure, in the first 30 days after bone failures in healthy or unhealthy patients 13, 12 . These authors also used MSC and PRP as treatments for the analyzed bone failures, a fact that corroborates, with the densitometric findings of the present study, suggesting little local bone mineralization.
This hypothesis is supported by histopathological findings after 30 days of treatment. The observed bone growth interruption lines show abrupt discontinuation of osteoid matrix production and subsequent recovery, as described previously 13, 27 . However, in this study, no local inflammatory infiltrate was observed, but only coarse and porous trabecular formation, without osteoblasts. This result suggests low or non-existent osteoid matrix formation and, therefore, likely low structural stability. These observations are consistent with previous descriptions of commonly identified histopathological abnormalities in bone with mineralization deficits, such as osteoporosis 2, 5 . It should be emphasized that the histological description of the tibia of healthy rabbits diverges from the histopathological findings in the failures with up to 30 days of treatment 27 . According to these authors, the microscopic structure of the healthy tibia is composed of well-compacted mature bone, with active osteoblasts diffusely distributed at the interface between the compact bone and the abundant trabecular bone, as well as on the surface of the trabeculae, being organized into islands of ossification and in the vicinity of blood vessels.
Diametrically observed at 30 days, significant densitometric differences were identified between treatments after 60 days of observation (p≤0.008) ( Table 4 ). The CTR group had the lowest bone density when compared to the others. This observation evidences treatment ineffectiveness in inducing consolidation of bone failure. Previous studies have also obtained similar results in rabbits and humans, using hemostatic sponge of hydrolyzed collagen, demonstrating that it does not contribute significantly to bone repair 25 . The MSC group presented the highest densitometric indices, when compared to the other treatments, after 60 days of observation, as determined by the Dunn median test (Table  4) . The tibial bone failures of the animals of this group had lower radiopacity than the other treatments (p≤0.008). The grayscale curve increased progressively from 50 tones, closer to the black color and therefore with lower bone density, to the final value of 130 tones, closer to the white color, evidencing a higher tissue density in the densitometric scale adopted (Figure 3) .
The increase in bone density in the MSC group is justified by the histopathological findings (Figure 4) . The presence of growth failure lines can be triggered by secondary osteoporosis as suggested in a recent study 2 . It is evident that angiogenesis is evident in the trabecular bone, indicative of the acute phase of bone repair, with osteoid matrix structuring of immature braided osteophyte immediately adjacent to the blood vessels and massive infiltration of active osteoblasts, suggesting that they are responsible for matrix deposition. These characteristics suggest an intensification of the bone repair process, in the remodeling phase, since no inflammatory infiltrate was identified, as described previously 13, 27 . Given the osteopenia present in the animals of the present study due to secondary osteoporosis and absence of microscopic observation of an inflammatory cellular component in the flaws evaluated in the MSC group, there is a greater plausibility of differentiation of the MSC in vivo in osteoblastic lineage than the chemotactic stimulus of the same for the attraction of equidistant osteoblasts. Therefore, the massive presence of active osteoblasts and deposited osteoid matrix suggests a higher mineral deposition, which would justify the observed densitometric elevation.
There were no statistically significant differences (p≤0.87) between the PRP and ASSO groups, to the Dunn test, for radiographic optical densitometry (Table 4) .
Histopathological findings suggest the presence of osteopenia in the PRP and ASSO groups, especially in the first group. Characteristics of osteopenia have been described in previous studies, characterized by the increase of trabecular bone, to the detriment of compact bone and the absence of angiogenesis and active osteoblasts synthesizing osteoid matrix, inducing bone fragility 5, 27 . The presence of osteopenia corroborates the densitometric findings of intermediate density, when these groups were compared with the CTR and MSC groups.
The results suggest that PRP contributed positively to repair of bone failure, but less than the group treated with MSC and similar intensity to the ASSO group. Platelets have been described as rich in growth factors and pro-epithelizing cytokines, being activated by contact 13 . In the present study, it is estimated that hydrolyzed collagen sponge as an exogenous factor contributed to the mechanical activation by contact of the platelets present in the PRP, favoring the release of the growth factors immediately to the surgical implantation of sponge fragments in the bone failures.
Contrary to previously mentioned 24, 26 , no histopathological features were suggested that suggested an increase in bone resorption mediated by immunogenicity by xenogenic PRP. However, the preliminary result is considered and reliable inferences regarding the immune response to xenogeneic PRP are not possible. Further studies are needed to measure proinflammatory and anti-inflammatory serum cytokine profiles induced by PRP infusion in bone failures to elucidate such issues. However, the present study demonstrated that xenogenic PRP did not induce elevation of bone resorption.
When in association with MSC (ASSO group), no densitometric or histopathological benefit of the interation was observed (Table  4) . Although the ASSO group presented densitometry superior to the CTR group, with lower osteopenia than the same, the results obtained were inferior when compared to the exclusive treatment with allogeneic MSC.
Since the same cell line was used, the lowest contribution of the ASSO group to the possible negative interaction with xenogenic PRP is attributed. The present study raises a relevant question about the interaction of MSCs and xenogeneic profiles of cytokines and growth factors, which should be elucidated in later research to improve the model proposed here.
■ Conclusions
The sterile hemostatic hydrolyzed collagen sponge presented favorable biocompatibility with the allogeneic mesenchymal stem cells used, allowing them to be adhered and preserving their viability.
The treatment of bone failures with allogeneic mesenchymal stem cells carried in a fragment of sterile hemostatic sponge induced a higher increase in radiographic optical densitometry with greater microscopic deposition of the osteoid matrix, suggesting an intensification of the bone repair process, in the remodeling phase, when compared to the other treatments.
■

